Abstract··· To evaluate the inclination of recorded magnetization, the Bitter pattern technique has been applied to a longitudinally recorded VTR tape consisted of acicular Fe particles. The contrast of Bitter patterns evolved in an external magnetic field of 200 Oe with various orientations is observed for 0.5 and 1.0 kFCI recordings, and the inclination angle is found to be O· and 180· for both recordings, as expected. Alternate appearence of dark magnetic transition line is observed when the angle of the magnetic field is larger than 30· for both recordings, and this agrees well with the calculation of deposited colloid density on the tape. Changes of the contrast of patterns with the angle of magnetic field are also compared with the calculation.
INTRODUCTION
Most efforts in the field of recent magnetic recording have been devoted to develop the high density recording. Currently three types of recording method, that is, the longitudinal, perpendicular and oblique recordings are being studied to achieve high performance. In these techniques, it is important to make clear the actual orientations of magnetization ill recorded bits to improve the recording characteristics. However, we have no suitable magnetic method to measure the inclination of recorded magnetization at present, because the volume of each recorded bit is too small. The present authors [1] applied a modified Bitter pattern technique (the colloid-SEM method [2] ) to observe the recorded state of each bit of the perpendicular magnetic recording. Recently, a few theoretical and experimental studies [3, 4] have been made for the evolution of the Bitter patterns in a magnetic field. Based on these studies, Kitakami [5] proposed a theory to estimate the inclination of recorded magnetization from the contrast of the Bitter patterns. This theory was derived from the thermodynamic equilibrium evolution of ferrofluid particles. Following the theory, we [6] studied the Bitter patterns on an obliquely metal-evaporated tape of Co-Ni-O alloy, and [7] was dropped on the surface of the sample in a magnetic field Hex = 200 Oe with various angles e, and the pattern contrast was examined by an optical microscope. The experimental details are the same as the previous paper [6] .
The sample setting is shown in Fig.1 . In the present study, the recorded magnetization Mo is expected to be parallel to the sample surface from the process of the sample preparation;
that is, the inclination angle <p will be zero.
RESULTS AND DISCUSSION 0.5 kFCI Recor(ljng observed. In Fig.3 (d) at e = 90°, the colloid densities m two bits are nearly equal, as observed in Fig.2 (a) for e = 90° .
By the previous calculation [5] , the equal density of the colloid particles (the symmetric contrast) for the neighboring bits is obtained when cos (e + <P) = 0 , (1) where <p is the inclination angle of Mo to the surface. This means that e + <p = 90° and 270° . At e' = 90° (Figs.2 (a) and 3 (d) ) and e = 270° (Fig.2(b) ), we obtain <p = 0° and 180° .
These values are expected from the preparation process of the sample.
In Fig. 4 , the normalized surface density p of the colloid particles is calculated for ~ = 0° with various values of e and with the parameters listed in Table 1 by the previous theory [5] . For <p = 180° , the calculation is the same as for <p = 0° . As seen in Fig.4 , values of p is symmetric with respect to x / b = 1 (the magnetic transition point) only when e 90°, which agrees well with the experimental value. In Fig. 4 , the peak values of p at x / b = 1 is far larger than those at x / b = 0 and 2 when e > 30° , and this suggests that the magnetic transition lines are alternately dark in the Bitter patterns. Actually wide or dark lines are alternately observed in Fig. 2 (a) and (b) , and also in Fig.3(b) ,...., (f).
kFCI Recording
The Bitter patterns of the 1.0 kFCI recording are observed in the same way as in the 0.5 kFCI recording. First, patterns for Fig.2(a) and (b) of the 0.5 kFCI. This alternate appearance of the dark transition line is caused by the same reason as in the 0.5 kFCI recording described above, and values of p will be shown later (in Fig. 7 ). Figure 6 shows changes of the colloid density in neighboring bits with Hex = 200 De for various e. The contrast between light and dark bits at e = o· decreases with the increase of e (Fig. 6 (a) '" (c», and it nearly disappears at e = 90· «d». For e >90·, the contrast of the pattern appears again «e) and (f». Including the result in Fig. 5 (a) and (b), we obtain e = 90· and 270· for the equal density between neighboring bits. Therefore, equation (1) gives the same result, rp = O· and 180· , as in the 0.5 kFCI recording. Figure 7 shows the surface density p calculated in the same way as in FigA for rp = 0° by the theory [5] . In this figure, p is symmetric with respect to x / b = 1 only for e = 90· , which agrees with the above result of the observation. It is also evident in Fig.7 that the degree . of the asymmetry of p as to x / b = 1 increases when e becomes far from 90° , and such a tendency is observed in Fig.6 .
In Fig. 7 , peak values of p at x / b = 1 are larger than those at x / b = 0 and 2 for e > 30°. This result' is the same as shown in Fig. 4 for the 0.5 kFCI, and in accord with this result, dark or wide transition lines are alternately observed in Fig.5 (a) , (b) and in Fig. 6 (b) '" (f).
--347 - (1) The inclination angle <p of the recorded magnetization was found to be 0° and 180° for both 0.5 and 1.0 kFCI recordings by using the result of the theory [5] . (2) Changes of the pattern contrast with the angle of magnetic field agreed nearly with the calculation for the 1.0 kFCI recording. (3) Magnetic transition lines appeared alternately dark or wide when e > 30° in both 0.5 and 1.0 kFCI recordings, and this fact agreed well with the calculation of colloid density on the tape.
